early event m the ang^^enic response that liberates c^^s for sufcisequent 
inril'i 1 ization. In the ^Besent study, both PA and LP^^^akly induced the 
-hem:.'tact migration of endothelial cells from an estaolished monolayer. 
Thrr chemotactic response induced by PA and LPA was similar m intensity to 
that ot'served with optimal levels of the known protein endothelial cell 
jhiem^jatt ra::tants , basic fibroblast growth factor {bFGF} and vascular 
endothelial growth factor (VEGF) . A markedly greater chemotactic response 
v;E^.^. effe:-:t:ed by nanomolar concentrations of SIP, indicating that this 
P l.at-let -deri^'ed factor plays an important role m a key aspect of 
.nnqa jgenes IS , cliemotac ta.c migration of endothelial cells. The chemotacti:: 
response to SIP was completely inhibited by preincubation of endothelial 
^■ells with antisense oligonucleotides to the high-a f f ini ty SIP 
re'r-eptor, Edg- 1 . In addition, chemotaxis of endothelial cells to SIP 
vja-. mhikiited by preincubation of cells with specific inhibitors of 
tyr-jsme kinases, but inhibitors of phosphatidylinositol 3' kinase had 
iiftle effect . Finally, LPA effectively stabilized endothelial monolayer 
ijai rier function, a late event m angiogenesis . Thus, the phospholipid 
.;}rowth factors, PA, SIP, and LPA, display divergent and potent effects on 
an:u -"'genic piroperties of endothelial cells and angiogenic differentiation 
.:.f" endothelial cells potentially act in tandem to effectively induce 
r.eovascula ri zat 1 on . These mediators may thus exert important roles in 
restoration of hematopoiesis , as they facilitate blood vessel formation at 
slIk:-. of t r.-msplanted stem cells, allowing the progeny of engrafted 
progenitors to move from marrow sinusoids to the peripheral vasculature. 
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Lysophospholipid enhancement of human T cell sensitivity to diphtheria 
r.o:-::n by increased expression of hepar in-binding epidermal growth factor. 

Goetzl EJ; Kong Y; P^enney JS 
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Z'Yie effects of lysophosphat idic acid (LPA) and sphingosine 1-phosphate 
(Sit') on T cell expiression of heparin-bindmg epidermal growth factor- like 
(growth factor (HB-EGF) , the diphtheria toxin (DT) receptor, were 
.investigated in the Tsup-1 cultured line of human CD4+ 8+ 3iow T 
1 ymjjhoblastoma cells. Tsup-1 cells bear endothelial differentiation gene { 
edg: -2 and - -L en':.oded G p^rot ei n- coupled receptors (GPCRs) for LPA and 
Edg - ^inc; -'3 GPCP.s for SIP. Suppression by DT of Tsup-1 cell protein 
,: y:.' :"it^s 1 .i. wa.- enhanced t.y LPA and SIP, with lipid structural specif ir-ity 
, -miliar :o -rhar requir^r-d for their recognition by Edg receptors. LI'A 
.:]\'\ rUF' .1 lio : eas-'^'d the Tsupi- 1 cell le'/el of immuno r eaii: 1 1 ve HB-EGF, and 
r.r'i..-'- ralizm'T an^ ibc-dies to HB-EGF inhibited LPA and SIP enhanceiiu-nt of 
7su}:.-l cell susceptibility to DT . Stabilized transfection of Tsup-1 cells 
with a ccatil' I nation of plasmids encoding Edg-2 p^lus -4 antisense 
mP.NA s up.pressed the levels of Edg-2 and -4, but not Edg-3 and 
-5, in Western blots and reduced m parallel the increments m HB-EGF and 
susceptibility to DT evoked by LPA but not SiP. Similar transfection witli 
Edg- plus -9 antisense plasmitis suppiressed Tsup'-l cell levels 
of irnmiinc' react i^'e Edg- '^^ and -5, but not Edq-:^ '^^r A.. ^^^-^ 
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Lysophosphatidic acid and sphmgosine 1-phosphate protection of T cells 
frc-ni apoptosis in association with suppression of Bax. 

:;oetzl EJ; Kong Y; Mei B 
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Mernt)ers of a subfamily of G protein- coupled receptors (GPCRs), encoded by 
five different endothelial differentiation genes (edgs), specifically 
mediate effects of lysophosfihatidic acid (LPA) and sphmgosine 1-phosphate 
(SIP) on cellular proliferation and differentiation. Mechanisms of 
sut'ptession of apoptosis by LPA and SIP were studied m the Tsup-1 cultured 
line of human T lymphoblastoma cells, which express Edg-2 and 
Edg-4 GPCRs for LPA and Eclg-3 and Edg-5 GPCRs for SIP. At 

10- 10 M to 10-7 M. both LPA and SIP protected Tsup-1 ceil:^ iruni apoptosis 

induced t'y Atis to Fas, CEi2, and CD3 plus CD28 in combination. Apoptosis 

elicited by C6 ceramide was inhibited by SIP, but not by LPA, m part 

because ceramide suppressed expression of Edg-2 and Edg-4 

surface recep'tors for LPA without affecting Edg-3 surface receptors 

for SIP. At 10-9 M to 10-7 M, LPA and SIP significantly suppressed cellular 

levels of the apoptosi s-promoting protein Bax, without altering the levels 

of Bcl-xL or Bcl-2 assessed by Western blots and immunoassays. 

Transf ections of pairs of antisense piasmids for Edg-2 plus 

Edg-4 and Edg-3 plus Edg-5, and hygromycin selection of 

t rans f ectants with reduced expression of the respective Edg R 

proteins m Western blots, inhibited both protection from apoptosis and 

reduction in cellular levels of Bax by LPA and SIP. Thus, LPA and SIP 

protection from ajuoptosis is mediated by distinct Edg GPCRs and may 

involve nC'Vel effects on Bax regulatory protein. 
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The immedA ate-early gene product MAD- 3/edg- 3 / I kappaB alpha is an 
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T ii e t umo r p r omo t e r p h o rb o 1 1 2 - my ri s 1 1 r 1 3 - .a c 1 a t ^ inhibits ^ h ^- ^- ' 



inhibit Its expression . ^j^e antisense IkappaB alpha PTO-tu^ated cells 
exhit'ited an exaggera^^ growth response to fibrobl^^ growth factor-i 
(F3F-i). In contras^^ IL-l-induced growth arrest ^Ksponse was not 

modulated. These data suggest that the early response gene IkappaB alpha is 
an endogenous regulator of endothelial cell growth m vitro. 
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The immediate-early gene product ^4AD-3/EDG-3/I-kappa-B-alpha is an 

endogenous modulator of fibroblast growth factor-1 (FGF-l) dependent 
i^umian endothelial cell growth. 
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ABSTRACT: Thr^ tiirnnr oromoter phcrbol 12-rrLyriGtic 13 -acetate iiihibxLs the 
growth of human endothelial cells and induces the formation of 
L-at'i llary-like, tubular structures. We report the novel growth regulatory 
function of the immediate-early gene, edg-3, which is identical to 
the I-kappa-B-alpha/MAD-3 gene. We employed phosphothioate 
ijiigonucleotides (PTC) directed against the translation initiation site 
of I - kappa-B-alpha to inhibit its expression. The antisense 
I-kappa-B-alpha PTO-treated cells exhibited an exaggerated growth 
response to fibroblast growth factor-1 (FGF-l) . In contrast, IL-l-induced 
growth arrest response was not modulated. These data suggest that the 
early resp'Onse gene I-kappa-B-alpha is an endogenous regulator of 
endothelial cell growth m vitro. 
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Sphingosine 1 -phosphate-induced endothelial cell migration requires the 
exp'ression of EDG- 1 and EDG -3 receptors and Rho-dependent 
activation of alpha vbetaS- and beta 1-containing integrins. 
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Sphingosine 1-phosphate (SPP), a platelet-derived bioactive 

lysophospholipid, is a regulator of angiogenesis . However, molecular 
mechanisms involved in SPP-induced angiogenic responses are not fully 
defined. Here we report the molecular mechanisms involved in SPP-mduced 
human umbilical vein endothelial cell (HUVEC) adhesion and migration. 
SPP-mduced HUVEC migration is potently inhibited by antisense 

{: hosphothiciate oligonucleotides against EDG-1 as well as EDG-3 
receptors. In addition, C3 exotoxin blocked SPP-induced cell attachment, 
spreading and migration on f ibronectin- , vitronectin- and Ma trigel- coat ed 
surfaces, suggesting that endothelial differentiation gene receptor 
,M.^-rnaLinq via the Rho pathway is critical for SPP-mduced cell migration. 
In;:;eed, SPI' i::duced Rho activation m an adherence -independent manner, 
wh^^-rra5 F;a(- activation was dispensible for cell attachment and focal 
-:rt>;'-t i o \Vy\-\X \ ou . Int erestmcily, both EDG-1 and -3 rer-ei:>t.o r s were 
rerniired for Rho activation. Since mtegrms are critical for cell 
adhe.sicn, mi g r ..i 1 1 on , and angiogenesis, we exammeii the effects of blocking 
antibodies against alpha (v ) beta ( 3 ) , beta (1 ) , or beta (3) mtegrms. SPP 
moui:ed Rhc'-(dependent mtegrm clustering into focal contact sites, which 
w<is essential for cell adhesion, spreading and migration. Blockage of 
alpha (v) beta (3) or k^eta ( 1 ) -containing integrins inhibited SPP-mduced 
r^UVE*:' migration. Together our results suggest that endothelial 
differentiation gene receptor-mediated Rho signaling is; re^quired for the 
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Endothelial differentiation gene-2 receptor is involved m 
lysophosphatidac acid-dependent control of 3T3F442A preadipocyte 
proliferation and spreading. 

Paaes C; Daviaud D; An S; Krief S; Lafontan M; Valet P; Saulnipr- Blache 
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EDG-2, EDG-4, EDG -7, and PSP24 genes encode distinct 
lysophosphatidic acid (LPA) receptors. The aim of the present study was to 
determine which receptor subtype is involved m the biological responses 
generated by LPA in preadipocytes . Growing 3T3F442A p readipocy t es express 
EDG-2 and EDG-4 mRNAs, with no expression of EDG-7 or 

PSE*24 mPlJAs. Quantitative reverse transcriptase-polymerase chain reaction 
i-evealed that EDG-2 transcripts were 10-fold more abundant than that 
of EDG-4. To determine the involvement of the EDG-2 receptor in 
tne resf'onses of growing preadipocytes to LPA, stable transfection of 
antisense EDG -2 cDNA was performed m growing 3T3F442A 
preadipocytes. This procedure, led to a significant and specific reduction 
m EDG -2 mRNA and protein. This was associated with a significant 
alteration in the effect of LPA on both cell proliferation and cell 
sp'readmg. Finally, the differentiation of growing preadipocytes into 
quiescent adipocytes led to a strong reduction in the level of EDG-2 
transcripts. Results demonstrate the significant contribution of the 
EDG -2 receptor in the biological responses generated by LPA in 
:-'T F4 42A prea lipocytes . 
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Sp'hingosme i-phosphate protects human umbilical vein endothelial cells 
fr'jm serum-deprived apoptosis by nitric oxide production. 
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.'l. :iin ^^c ..;int^ 1-pihosphate (SIP) can prevent endothe/lial cell apoptosis. We 
iir/est igat.ed the molecular mei^hanisms and signali/ig pathways by which SIP 
prLte'::t5 endothelial cells from serum dep'rivation-induced apoptosis. We 
sh'i'W here that human umbilical vein endothelial cells (HUVECs) undergo 
afjL-.p.r <.:,s 1 £ associated with increased DEVDase activity, caspase-3 activation, 
c^yt oi.:i-| r I'm^ ' : release, and DNA fragmentation after 24 h of 5erum 
depr iva ti « m . These apoptotic m.arkers were suppressed by the additi^Dn of 



enhancing Ca ( 2+ } -sensit j^^NOS activity without changes j^|^he eNOS protein 
level. S IP-mediated cd^B survival and NO productio.^^ftere suppressed 
sianificantly by pretreatment with antisense oligonuneotide of 
EDG-1 and partially by EDG-3 antisense. SlP-mediated NO 

production was suppressed by the addition of pertussis toxin, an inhibitor 
■:.f G(i) proteins, the specific inhibitor of phosphol ipase C (PLC), and the 
.:"ai2 + ) chelator BAPTA-AM. These findings indicate that SIP protects HUVECs 
lr::n apoptosis through the activation of eNOS activiry mainly through an 
EDG-1 and - 3 / G { i ) / PLC/ Ca ( 2 + ) signaling pathway. 
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Two novel Xenopus homologs of mammalian LP(Al)/EDG-2 function as 
1 ysophosphatidic acid receptors in Xenopus oocytes and mammalian / cell s . 
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Lysophosphatidic acid (LPA) induces diverse biological responses in many 
typ'es of cells and tissues by activating its specific G protein-coupled 
leceptors (GPCRs). Previously, three cognate LPA GPCRs ( LP ( Al ) / VZG- 1 / 
EDG~2, LP (A2 ) /EDG-4, and LP ( A3 ) /EDG- 7 ) were identified m 

mammals. By contrast, an unrelated GPCR, PSP24, was reported to be a high 
affinity LPA receptor m Xenopus laevis oocytes, raising the possibility 
that. Xenopus uses a very different form of LPA signaling. Toward addressing 
this issue, we report two novel Xenopus genes, xlp(Ai)-l and xlp(Al)-2, 
encoding LP(Al) homologs (approximately 90% amino acid sequence identity 
with mammalian LP(A1}). Both xlp(Al)-l and xlp (Al) -2 are expressed m 
C'C'Oytes and the nervous system. Overexp ression of either gene m oocytes 
pi'tentiated LPA-indU'^ed oscillatory chloride ion currents through a 
pertussis toxin-insensitive pathway. Injection of antisense 
c 1 igonucleotides designed to inhibit xlp{Al)-l and xlp(Al)-2 expression in 
c-zcytes eliminated their endogenous response to LPA. Furthermore, 
r etrcvi rus-mediated heterologous expression of xlp(Ai)-l or xlp(Al)-2 in 
B103 rat neuroblastoma cells that are unresponsive to LPA conferred 
LPA- induced cell rounding and adenylyl cyclase inhibition. These results 
indicate that XLP(A1)-1 and XLP(Al)-2 are functional Xenopus LPA receptors 
and demonstrate the evolutionary conservation of LPA signaling over a range 
of vertebrate phylogeny. 
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LysophC'Spliatidic acid receptor- selective effects on Jurkat T cell 
miqration tl'irough a Matrigel model t^asement membrane. y 
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Lysophosfihatidic acid^^LPA) and sphingosine 1-pho^^te (SiP) from 
platelets and mononuc]^H| phagocytes mediate T eel :^Hknct i ons through 
end'Tthelial di f f erent i a^Kn gene-encoded G protein-cc^^ed receptors ( 
Edg Fs) specific for LPA (Edg-2, -4, and -7) or SIP {Edg 

-1^ -6, and -8). Jurkat leukemic T cells with the SV40 virus large 

T ^Ag (Jurkat-T cells} express Edg -3>-2>-4 Rs, as assessed by 
p-p_c-.emi quantitative PGR and Western blots with anti-Edg R mAh'S . 
.;urkat-T cells expressing predominantly Edg-2 P. (Jurkat-T-2 cells) 
and Edg-4 R (Jurkat-T-4 cells) were developed by cotransf ection with 
the respiective sense plasmids and a mixture of antisense plasmids for 
the I'ther Edg Rs, and hygromycm selection. Migration of Jurkat-T-4 
.;-ells, but not Jurkat-T-2 cells, through a layer of Matrigel on a 5-um pore 
polycarbonate filter was stimulated up to 5-fold by 10 (-9) to iO[-6) M LPA 
and t'y 30- 300 ng/ml of anti-Edg-4 R Ab, but not anti-Edg-2 R 
.Ab. LE'A and anti-Edg -4 R Ab also enhanced by up to 4~fold the 
-■vpres.r.ion of matrix metal loproteinase by Jurkat-T-4 cells, but not 
■Jurkat -T-2 cells, as assessed by cleavage of [(3)H]-type IV human collagen 
m the Matrigel. Enhancement of matrix metalloproteinase-dependent 
t. r ans ^Matrigel migration of Jurkat-T cells by the chemokme PANTES was 
sup'ir'ressed by anti-Edg-2 R Abs, but was stimulated by anti-Edg 
-4 R Atjs. The opposite effects of Edg-2 and Edg-4 LPA receptors 
.Ml trans-Mat rigel migration and some other T cell functions provide 
t>-cept.or-selective mechanisms for regulation of T cell recruitment and 
immune 'rontributi ons . 
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Expression and characterization of Edg -1 receptors in rat 
cardiomyocytes : calcium deregulation in response to sphingosine 
1 -C'hosphate . 
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B-'tto R; Sandona D; Palade PT; Eiettbarn CA; Klepper RE; Sabbadm^^RA 

E'epartment of Biology and Heart Institute, San Iiiego State University, CA 
92i>^:2-46i4, USA. 

Eurc.pean journal of biochemistry (GERMANY) Sep 2^0, 267 (18) 
p5^:-79-et-, ISSN 0014-2956 Journal Code: EMZ 
Contract/Grant No.: HL 63975, HL, NHLBI; NS/HL 250>r; NS, NINDS 
Languages: ENGLISH 
Ic.cument type: Journal Article 
Frrcora tyfie : Completed 

Recent evidence indicates that sphingolipids are produced by the heart 
during hypoxic stress and by blood platelets during thrombus formation. It 
IS therefore possible that sphingolipids may influence heart cell function 
by i nt e r.^ cti r.g with G~p rotem-cout'leii recep^tors of the Edg family. In 

r.re.^'^nt study, it v/as four'Ld that sphingosine 1-phosphate (Sp'hlF"), the 
;) : ^ )*: L) : yr' 1 :al ligand toi' Edg r ecectoi s, produced calcium overl-^ad in 
:~-a : di omyocy t es . The cDNA fDr Edg -1 WiS cloned t r tat 

L: ;i jrir/': :yt ..^.nd, when t r a:":s f ect ed m an antisense orient at i c^n , 
- [ f ct L V':- ly Ijl-jcked Edg -1 p-ritem expression and reduce':; 
3ph 1 P-mediated calcium deregulation. Taken together, these results 
demonstrate that cardiomyocytes express an extracellular lipi d- sensi ti ve 
reL^-'pto-rsystem that can respond to sphingol ip^id mediators. Because the 
ma] :>r source of SphlP is from k'locd platelets, we speculate that Edg 
-mediated Sr-hiP negative inotropic and cardiotoxic effects may play 
iinpoilanr r^oles in a :ute m^'c-ca I'li al ischemia where SphlP It.^vt.^ls are 
T 1 b ] R 1 ' v=j t r-i Ml r s r.- o n s e t t h r omb us . 
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Lipid phosphate ph^phatase-1 and Ca2+ control 'Tysophosphatida te 
signaling through EDG-2 receptors. 
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Tfie serum-derived phospholipid growth factor, lysophosphatidate (LPA), 
activates cells through the EDG family of G protein-coupled 
receptors. The present study inves tig^a'ted mechanisms by which 
dephospihory 1 ation of exogenous LPA by lipid phosphate phosphatase- 1 (LPP-1) 
controls cell signaling. Overexpressing LPP-1 decreased the net spiecific 
ceil association of LPA with Rat2 fibroblasts by approximately 507 at 37 
,-;i,r.g^-ees C when less than lOl of LPA was dephosphoryla ted , This attenuated 
cell a<:tivation as indicated by diminished responses, including cAMP, 
Ca(2+), activation of phospholipase D and ERK, DNA synthesis, and cell 
division. conversely, decreasing LPP-1 expression increased neL LPA 
association, ERK stimulation, and DNA synthesis. Whereas changing LPP-1 
exc.ression did not alter the apparent K{d) and B(max) for LPA binding at 4 
degrees C, increasing Ca(2+) from 0 to 50 micrometer increased the K(d) 
frcm 40 to 900 nm. Decreasing extracellular Ca (2+) from 1,8 mm to 10 
micrometer increased LE'A binding by 20-fold, shifting the threshold for ERK 
activation to the nanomolar range. Hence the Ca {2 + ) dependence of the 
apparent K(d) values explains the long-standing discrepancy of why 
micromolar LPA is often needed to activate cells at physiological Ca{2+) 
levels. In addition, the work demonstrates that LPP-1 can regulate specific 
LPA association with cells without significantly depleting bulk LPA 
c-jnc.ent rations m the extracellular medium. This identifies a novel 
mechanism fcr controlling EDG-2 receptor activation. 
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